The assessment of human cancer cell proliferation is a common approach in identifying plant extracts that have potential bioactive effects. In this study, we tested the hypothesis that methanolic extracts of peel and flesh from three archetypal mango cultivars, Irwin (IW), Nam Doc Mai (NDM), and Kensington Pride (KP), differentially affect proliferation, extracellular signal-regulated kinase (ERK) activity, and intracellular calcium ([Ca 2+ ] I ) signalling in MCF-7 human breast cancer cells. Mango flesh extracts from all three cultivars did not inhibit cell growth, and of the peel extracts only NDM reduced MCF-7 cell proliferation. Mango cultivar peel and flesh extracts did not significantly change ERK phosphorylation compared to controls; however, some reduced relative maximal peak [Ca 2+ ] I after adenosine triphosphate stimulation, with NDM peel extract having the greatest effect among the treatments. Our results identify mango interfruit and intrafruit (peel and flesh) extract variability in antiproliferative effects and [Ca 2+ ] I signalling in MCF-7 breast cancer cells and highlight that parts of the fruit (such as peel and flesh) and cultivar differences are important factors to consider when assessing potential chemopreventive bioactive compounds in plants extracts.
Introduction
Driven by consumer interest in the relationship between food and health, an increasing number of studies are focusing on the nutritional benefits derived from fruits and vegetables. It is postulated that the regular consumption of fruits and vegetables can reduce the risk of specific cancers, due to the presence of highly concentrated and diverse chemopreventive phytochemicals. Research has identified that dietary phytochemicals present within natural plant sources such as broccoli, ginger, turmeric, tomatoes, and grapes can modulate one or more signal transduction pathways involved in cancer cell survival to inhibit cell viability and metastasis and induce apoptosis [1, 2] . Studies exploring potential chemopreventive agents within tropical fruits, however, remain limited [3] .
Mangoes (Mangifera indica L.) are a tropical fruit commercially grown for worldwide export and distribution [4] .
Many different mango cultivars exist with a large diversity between fruit phenotypes (shape, colour, size, and texture) and flavours (taste and aroma) [4] . These differences between cultivars suggest possible variation in the composition of the fruit's phytochemicals, some of which may have potent biological activities [5] . Noratto et al. recently demonstrated differential growth inhibitory activities of extracts from diverse mango cultivars in SW-480 colon cancer cells [6, 7] . Different parts of the mango fruit (such as the peel and flesh) also have variable bioactive effects and these differences are likely due to differences in the type and amounts of phytochemicals present within each tissue [7] . For example, we have previously reported that only the peel portion, rather than the flesh of mango fruit, affects adipogenesis in 3T3-L1 cells [7] .
Studies in vitro and in vivo associate the effects of natural dietary products on cancer cells [8, 9] . Phytochemical compounds, some of which have antioxidant activity, also have 2 Journal of Chemistry diverse chemopreventive roles including inhibitory effects on growth and metastatic potential [10] as well as induction of cell death and differentiation [11] . A mechanism by which phytochemicals exert their chemopreventive action may be through their effects on signalling pathways important in cancer progression [8, 12] .
The assessment of proliferation in human cancer cell lines is a proven approach to identify foods and compounds with promising chemopreventive activities [11, 13] . Many signalling pathways are implicated in cellular proliferation, including extracellular signal-regulated kinase (ERK), and changes in intracellular calcium ([Ca 2+ ] I ) [12, 14] . ERK activation regulates several transcription factors promoting cell growth, apoptosis, and metastasis [14] . In MCF-7 breast cancer cells the ERK pathway is activated by proliferative stimuli including oestrogen, prolactin, and epidermal growth factor [15] [16] [17] , whereas the soy-derived isoflavone, genistein, contributes to growth inhibitory effects in breast and prostate cancer cells, in part through attenuation of ERK activity [12, 18] . Cytoplasmic calcium regulation is also implicated in tumorigenesis [19] . Increases in [Ca 2+ ] I can activate multiple proliferative pathways including the calcium/calmodulindependent kinase family of proteins that promote the growth and proliferation of human breast epithelial cells [14] . Regulators of intracellular free Ca 2+ homeostasis include plantderived compounds such as inhibitors of the sarcoendoplasmic reticulum Ca 2+ -ATPase (SERCA), for example, thapsigargin from Thapsia garganica L. and curcumin derived from turmeric (Curcuma longa L.). Natural modulators of Ca 2+ permeable ion channels also exist in plants [20, 21] and include the TRPM8 activator menthol present in peppermint (Mentha × piperita L.) and the TRPV1 activator capsaicin present in chili peppers (Capsicum spp.) [22, 23] . Both TRPM8 and TRPV1 have been proposed as targets in breast and prostate cancer therapy [19] . In this study, we tested the hypothesis that peel and flesh extracts from three genetically distinct mango cultivars [24] have distinct antiproliferative effects on MCF-7 breast cancer cells and examined two pathways linked to tumor progression (ERK activity and Ca 2+ signalling). Our study is the first to report mango fruit extract effects on Ca 2+ signalling in MCF-7 breast cancer cells.
Materials and Methods

Cell
Culture. MCF-7 human breast cancer cells were maintained in Dulbecco's Modified Eagle's Medium (DMEM, Sigma-Aldrich, St. Louis, MO, USA) supplemented with 10% fetal bovine serum (FBS, SAFC Biosciences, Lenexa, KA, USA), 4 mM L-glutamine, and penicillin G (100 U/mL) and streptomycin (100 g/mL) (PSG, Gibco, Grand Island, NY, USA). Cells were plated in 75 cm 2 tissue culture flasks and incubated in a 5% CO 2 humidified incubator at 37 ∘ C. Cell culture medium was replaced every second day. In all experiments, cells were used at a passage number not exceeding 10 after thawing from stocks maintained in liquid N 2 . MCF-7 cells were routinely assessed for mycoplasma contamination using the MycoAlert Detection Kit (Lonza, Mt Waverley, Australia).
Preparation of Mango Extracts.
Mango fruit from three genetically distinct cultivars [4, 25] Irwin (IW), Nam Doc Mai (NDM), and Kensington Pride (KP) were collected from the Australian National Mango Genebank [24] maintained by the Queensland Department of Agriculture, Fisheries and Forestry at Southedge Research Station, Queensland, Australia. Green mature fruits were picked from several trees grown on light granitic soil and were stored at 20 ∘ C until they reached consumption ripeness as assessed by the sprung test [26] . The weights of KP fruit were on average 500 g, NDM 250 g, and IW 350 g. The peel was separated from the fleshapproximately 200 g of pulp and 60 g of peel were derived from each cultivar fruit and both parts were cryodesiccated and ground to a powder using a mortar and pestle. The extraction process was adapted from a previously published method [27] . In brief, freeze-dried powder (25 g) from each cultivar was refluxed for 6 h using two solvents, hexane and methanol, sequentially. The hexane solvent removed highly nonpolar compounds such as carotenoids. Polyphenolics were extracted using methanol as the solvent. Methanolic extracts were then acidified (pH 2-4) by the addition of hydrochloric acid, and the acidified solution was further extracted using ethyl acetate. Under reduced pressure, pooled extracts were lyophilized and stored at 4 ∘ C.
Assessment of Cell Viability
Using MTS Assay. MCF-7 breast cancer cell viability was measured using the Cell Titer 96 AQ UEOUS One Solution Cell Proliferation (MTS) Assay (Promega, Madison, WI, USA). The MTS assay is a widely used technique for determination of cell viability [28] [29] [30] . Cells were seeded at a density of 7.5-10 × 10 3 cells per well in a 96 well microplate (day 0) and incubated overnight at 37 ∘ C. Media were replaced on days 1 and 3 with either vehicle control, serum free media, or media containing mango extracts (peel 3, 10, 30, and 100 g/mL; flesh 3, 10, 30, and 100 g/mL) prepared to a final DMSO concentration of 0.65% v/v. At day 5, an MTS assay was performed according to manufacturer's protocol and as previously described [31] . In brief, MTS reagent (20 L) was dispensed into each well of a 96 well microplate and incubated at 37 ∘ C for 2 h. Absorbance was measured and recorded at 490 nm using a BioRad iMark Microplate reader.
2.4.
Immunoblotting. MCF-7 cells were plated at 7.5 × 10 5 cells per well in 6-well plates and incubated overnight at 37 ∘ C. MCF-7 cells were serum starved for 24 h and then treated with vehicle control (0.65% v/v DMSO in medium) or mango peel and flesh extracts (60 g/mL in medium) for 2 h before stimulation with 100 nM phorbol 12-myristate 13-acetate (PMA, Sigma-Aldrich, St. Louis, MO, USA) for 15 min to induce ERK phosphorylation as previously reported [10] . Cell extracts were generated on ice with protein lysis buffer supplemented with phosphatase and protease inhibitors (Roche Applied Science, Indianapolis, IN, USA). Cell lysates were separated on 4-12% gradient bis-tris gels with MOPS electrophoresis buffer (Invitrogen, Carlsbad, CA, USA) and then transferred to a polyvinylidene fluoride (PVDF) membrane (Invitrogen). Nonfat milk powder (5% w/v) in PBS with 0.1% w/v Tween-20 (Sigma-Aldrich) was used to block membranes for 1 h at room temperature. Membranes were then probed using mouse monoclonal anti-phospho-ERK1/2, rabbit polyclonal anti-ERK1/2 (Cell Signalling Technology, Danvers, MA, USA), and mouse monoclonal -actin (SigmaAldrich). Anti-phospho-ERK1/2 primary antibody (1 : 2000) anti-ERK1/2 (1 : 1000) and -actin (1 : 10,000) were incubated overnight with membranes at 4 ∘ C. Bands were visualized by chemiluminescence using anti-rabbit or anti-mouse horseradish peroxidase-conjugated secondary antibodies at 1 : 10,000 dilution (BioRad, Hercules, CA, USA). A Versadoc Imaging System was used to acquire images and bands were quantified using Bio-Rad Quantity One Software. Phosphorylated ERK protein was quantified relative to total ERK protein expression; total ERK levels were normalized to those of -actin. 
Calcium Assays. Alterations in intracellular free Ca
Results
Effect of Mango Peel and Flesh Extracts from Three Genetically Distinct Cultivars on the Viability of MCF-7 Breast
Cancer Cells. Mango peel and flesh extracts (3, 10, 30, and 100 g/mL) from three cultivars (IW, NDM, and KP) were assessed for their effects on MCF-7 cell viability. As expected, cells grown for five days in medium containing no serum had significantly reduced viability when compared to control cells (Figures 1(a) , 1(b), and 1(c)). NDM peel extract (100 g/mL) also significantly reduced the number of viable cells (Figure 1(b) ) whereas IW and KP peel extracts did not affect cell viability (Figures 1(a) and 1(c) ). Regardless of cultivar, mango flesh extracts did not affect MCF-7 cell viability.
Effect of Mango Peel and Flesh Extracts on ERK1/2 Phosphorylation in MCF-7 Cells.
We assessed whether the extracts from the peel or flesh of the three different mango cultivars could alter ERK phosphorylation. MCF-7 cells were treated with mango peel and flesh extracts (at 60 g/mL) from the IW, NDM, and KP cultivars for 2 h and then stimulated with PMA (100 nM) for 15 min to induce phosphorylation of ERK1/2 in MCF-7 cells. In the absence of PMA, ERK 1/2 phosphorylation was absent (Figures 2(a) and 2(c)), whereas ERK1/2 was phosphorylated in response to PMA treatment (control, Figures 2(a) and 2(c) ). MCF-7 cells treated with IW, KP, and NDM peel extracts did not significantly alter ERK1/2 phosphorylation (Figure 2(a) ). An assessment of total ERK1/2 levels between different treatment groups showed similar levels compared to PMA treated control (Figure 2(b) ). Treatment of MCF-7 cells with mango flesh extracts from IW, KP, and NDM did not significantly alter ERK1/2 activity compared to PMA-treated control (Figure 2(c) ). The total ERK1/2 levels were also compared to PMA-treated control and were not significantly different (Figure 2(d) ). These results demonstrate that mango peel and flesh extracts (at 60 g/mL) do not significantly alter ERK phosphorylation in MCF-7 cells. (Figure 3(a) ). Extracts from cultivar IW demonstrated that only the peel at 60 g/mL significantly reduced relative peak [Ca 2+ ] I when stimulated with ATP compared to untreated cells (control, Figures 3(a) and 3(b) ). Compared to the control, IW peel extract at 60 g/mL also significantly increased the time to reach half peak relative [Ca 2+ ] I after ATP stimulation at 117.4 ± 8.6 s, as compared to control cells (95.2 ± 8.4 s, Figure 3(c) ), indicative of effects on calcium homeostatic mechanisms important in the recovery phase such as reduced sequestration/efflux of Ca 2+ and/or increased sustained Ca 2+ influx. NDM peel extracts at 30 and 60 g/mL and flesh extract from the same cultivar at 60 g/mL significantly reduced the relative maximum peak [Ca 2+ ] I , after ATP stimulation (Figures 4(a) and 4(b) ). The peel extract at 60 g/mL reduced relative peak [Ca 2+ ] I to the greatest extent and was the only treatment substantially delaying the time required to reach half peak relative [Ca 2+ ] I (Figures 4(a) and 4(c)), with a significant delay in homeostatic calcium recovery of 209.4 ± 11.9 s observed in cells treated with 60 g/mL peel extract, compared to 89.4 ± 6.7 s for control cells (Figure 4(c) ).
Effect of Mango Peel and Flesh Extracts on Intracellular
An assessment of KP fruit revealed that the peel extract at 60 g/mL and flesh extract at 30 and 60 g/mL significantly reduced relative [Ca 2+ ] I (Figures 5(a) and 5(b) ). However, none of the extracts produced a significant delay in calcium recovery compared to control cells (Figures 5(a) and 5(c) ), which was a feature of IW and NDM peel extracts (at 60 g/mL). 
Discussion
Phytochemicals are nonnutritive components in plant-based diets and some reports suggest that these dietary factors may play a role in the prevention of some cancers [8] . In this study, we evaluated the ability of mango peel and flesh extracts from three genetically distinct mango cultivars to inhibit proliferation of MCF-7 breast cancer cells. Of the extracts tested, only the NDM peel extract significantly inhibited the proliferation of hormone-sensitive MCF-7 cells. Comparative component analysis between mango cultivars and different tissues of the fruit (peel and flesh) was performed and has recently been published by our research team [32] . The peel of NDM revealed the presence of gallic acid and its galloylated derivatives in this tissue. Methyl gallate (methyl 3,4,5-trihydroxybenzoate), the methyl ester of gallic acid, although present among all varieties and fruit parts tested [32] , was most prevalent in NDM peel and may in part be associated with NDM peel extract's antiproliferative effect. This finding is supported by the study of Noratto and colleagues reporting that galloylated derivatives present in other mango varieties (Haden and Atualfo) have inhibitory properties on SW-480 colon carcinoma cell proliferation [6] . The authors suggested that the effects observed may result from G2/M cell cycle arrest elicited by these compounds [6] . At all developmental stages the peel of mango fruit contains higher levels of polyphenols than the flesh [33, 34] . Our previous studies found comparable polyphenolic levels between both NDM and IW peel extracts [7] . This suggests total phenolic content alone is not responsible for NDM peel extract inhibitory effects on MCF-7 breast cancer cell growth and highlights the diversity of bioactive polyphenols between different mango cultivars. Other studies similarly report no relationship between plant extract (including avocado, guava, and prickly pear cactus stem) total phenolic content and antiproliferative effects in MCF-7 cells [11, [35] [36] [37] . To start exploring the possible mechanistic pathways by which NDM peel extract inhibits MCF-7 breast cancer cell growth, we assessed mango extract effects on ERK phosphorylation and
ERK phosphorylation regulates the expression of genes responsible for cellular processes including growth and differentiation [38] . Many breast cancer chemotherapeutic drugs elicit chemopreventive effects through modulating ERK phosphorylation [39, 40] . Natural products have been shown to have antiproliferative effects through targeting the ERK1/2 protein. For example, extracts from edible leaves of Vernonia amygdalina attenuate ERK1/2 expression and inhibit proliferation of MCF-7 breast cancer cells [38] . In this study, we evaluated the ability of peel and flesh extracts from three different mango cultivars to alter ERK phosphorylation and expression. We found peel and flesh extracts did not significantly change ERK phosphorylation compared to controls, suggesting NDM peel extract mediates its antiproliferative effect via other intracellular targets.
Tumor promotion and progression can be mediated by [Ca 2+ ] I dependent signalling pathways that affect cellular processes including transcription, differentiation, cell cycle, and apoptosis [19] . Free cytosolic Ca 2+ , for example, is involved in the regulation of calcium/calmodulin-dependent kinase family of proteins to induce cell proliferation in breast tumorigenic cells [14] . In this study, we assessed whether peel and flesh extracts from different mango cultivars alter relative peak signalling targets may be responsible for the attenuated maximal [Ca 2+ ] I response to ATP by some mango extracts. These include potential effects on G-protein-coupled receptors, purinergic receptors (P2X and P2Y), phospholipase C, inositol triphosphate (IP 3 ) receptor, and Ca 2+ storage within the endoplasmic reticulum of MCF-7 breast cancer cells [19] . Altered activity in any one of these components could alter the peak [Ca 2+ ] I elicited by ATP and previous studies have demonstrated that plant-derived extracts and phytochemicals can interfere with many of these targets [41] [42] [43] .
Peel extracts from both IW and NDM cultivars were observed to delay ATP-stimulated recovery of 
Conclusion
In this study, we compared the effects of peel and flesh extracts from three genetically distinct mango cultivars for their antiproliferative effects on MCF-7 breast cancer cells. Of all the extracts tested, only the NDM peel extract exhibited growth inhibitory effects, and this correlated with a unique composition of gallic acid derivatives [32] and a more pronounced effect on Ca 2+ signalling. Further selective compound bioactive studies are now required to validate which compounds within NDM peel extracts may potentiate and are responsible for these bioactivities. Future studies may also assess whether these compounds [32] and/or their combinations affect Ca 2+ dependent signalling pathways such as the calcium/calmodulin-dependent kinase family of proteins in human MCF-7 breast cancer cells. Our study identified mango interfruit and intrafruit (peel and flesh) extract variability on proliferation and is the first study to report mango fruit extract effects on Ca 2+ signalling in MCF-7 breast cancer cells. 
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